The objective was to investigate the putative associations of specific pesticides with soft-tissue sarcoma (STS). Methods: A Canadian population-based case-control study conducted in six provinces was used in this analysis. The study design consisted of two stages: a self-administered postal questionnaire and a telephone interview for those reporting pesticides exposure of 10 hours per year or more; and a 15% random sample of the remainder. Conditional logistic regression was used to fit the statistical models. Results: A positive history of cancer among first-degree relatives and exposure to aldrin and diazinon were statistically significant independent predictors of an increased risk for STS, whereas diagnosis of whopping cough lowered the risk of STS. Conclusions: The incidence of STS was associated with specific insecticides after adjustment for other independent predictors. S arcomas are a heterogeneous group of rare cancers that consist of neoplasms of connective tissues.
Several risk factors for STS have been identified. These include occupational exposure to certain chemicals and specific pesticides, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] a positive personal history of cancer or other diseases, 16, 17 certain types of medical treatments for cancer, and lifestyle factors. 2, [18] [19] [20] [21] [22] External radiation therapy is also a wellestablished risk factor for STS, [18] [19] [20] and it has been shown that the incidence of sarcomas is increased in patients treated with radiation therapy, with the average time between radiation exposure and diagnosis being approximately 10 years. 2 There has not been consistency in the detection of an association between cigarette smoking or tobacco use and STS. [20] [21] [22] Some studies support an association between phenoxyacetic acids and chlorophenols used as pesticides in agriculture and other applications, and STS, 6, 7, [9] [10] [11] [12] whereas other studies have reported no associations. 19, 21, [23] [24] [25] Phenoxyacetic acids and the structurally related chlorophenols are widely used for the control of weeds and fungi as well as for wood preservation and other purposes. A strong association with STS and chlorophenol exposure was reported by Wingren et al 6 and Hoppin et al. 7 Several Swedish studies by Hardell and others reported that exposure to phenoxyacetic acids and exposure to chlorophenol gave a roughly 3-fold increased risk for STS. [9] [10] [11] [12] In 1953, 64% of the pesticide products available in Canada containing 2,4,5-trichlorophenoxy acetic acid (2,4,5-T) also contained 2,4-dichlorophenoxyacetic acid (2,4-D) . The pesticide 2,4,5-T is no longer manufactured or sold in Canada or the United States. A significant excess of STS has been reported in populations that are largely agricultural. [13] [14] [15] Our study included six provinces of Canada with diverse agricultural practices to test the pesticide-exposure hypothesis related to four rare tumors: STS; multiple myeloma (MM); Hodgkin's lymphoma (HL); or non-Hodgkin's lymphoma (NHL). The objective of this article is to investigate the putative associations of specific pesticides with STS. Soft-tissue sarcoma was defined according to the classification of International Classification of Diseases for Oncology, Third Edition (ICD-O-3) morphology coding (and included M8800-8804, M8810-8813, M8830-8832, M8840, M8850-8860, M8890-8920, M8990-8991, M9040-9044, M9120-9130, M9150-9170, M9251-9260, M9503, M9540-9560, and M9580-9581). 26 
METHODOLOGY
Details of the study design and methodology have been published elsewhere. 27 Briefly, we conducted a matched populationbased case-control study of male residents in six Canadian provinces (Quebec, Ontario, Manitoba, Saskatchewan, Alberta, and British Columbia) to test whether there are associations between pesticide exposures and four rare tumors (HL, NHL, MM, and STS). There were total 1528 cases diagnosed with the tumors under investigation (HL = 316, MM = 342, NHL = 513, and STS = 357). Of the STS cases, 36.4% were diagnosed in Ontario, 31.4% in Prairies, 19.6% in British Columbia, and 12.6% in Quebec. The study design aimed to have at least one control participant matched for each case according to age and province of residence. However, difficulties occurred in recruiting controls in the older age groups (eg, 69 years and older); thus, the total number of control participants was 1506. To analyze data for each specific tumor type, all controls were used to provide a consistent comparator. For example, in this report, statistical analysis is based on 357 (60.8% of those contacted) STS cases and all 1506 (48.0% of those contacted) controls. The main reasons for nonparticipation for both cases and controls were death, change of address, and refusal. The study had an average of four to five matched controls for each STS case.
Incident cases were men aged 19 years or older, with first diagnosis of STS (ICD-O 8800-9349) from September 1, 1991, to December 31, 1994 . Cases were ascertained from provincial cancer registries, except in Quebec, where hospital ascertainment was used. After physician consent was received, postal questionnaires and informed consent forms were mailed to potential cases. Control subjects were matched by age ± 2 years to be comparable with the *Odds ratio (and 95% confidence interval ) stratified by age group and province of residence. Factors found to be significant at P < 0.20 included in table. †Also tested and found to be not associated at P < 0.20: mumps, allergies, acne; asthma; celiac disease; chickenpox; diabetes; hay fever; mononucleosis; rheumatic fever; glioma, Shingles, syphilis, ringworm; shingles; syphilis; tuberculosis; urinary tract infections; whooping cough; allergies; drug treatment for overactive thyroid; treatment for head lice, body lice, or scabies; medical implants; drug treatment for epilepsy; tonsillectomy; skin-prick allergy test; allergy desensitization shots; positive allergy prick skin test, patch skin test, or positive patch skin test for allergy.
Statistically significant results are in bold.
age distribution of the entire case group (HL, NHL, MM, and STS) within each province of residence. Potential controls (men, aged 19 years and older) were selected at random within age constraints from provincial health insurance records (Alberta, Saskatchewan, Manitoba, and Quebec), computerized telephone listings (Ontario), or voters' lists (British Columbia). Postal questionnaires and informed consent forms were mailed to potential controls, and information collected from all participating control subjects was used in the statistical analyses of each cancer site. Deceased subjects were ineligible as either cases or controls. Data were collected in two stages: by self-administered postal questionnaire in stage 1; and detailed pesticide exposure information was collected via telephone interview in stage 2. The pesticide exposure questionnaire developed by Hoar et al 28 was modified (with permission) for use in our Canadian context. 27 The postal questionnaire captured demographic details, personal medical history, cigarette smoking history, lifetime occupational history, and specific occupational exposures of interest. Each subject who reported 10 hours per year or more of exposure to pesticides (in any combination of compounds), as defined by the screening questions, and a 15% random sample of the remainder were mailed a list of pesticides (both chemical and brand names) and an information letter. Each subject was subsequently telephoned to obtain details of pesticide use. Exposure to an individual herbicide, insecticide, fumigant, or fungicide was coded as "Yes" if they responded affirmatively to "Did you use it at work, in your home garden or as a hobby?"
The telephone questionnaire was used as a source of information to characterize exposure to individual pesticides. Pesticide data were collected at several levels, beginning with the broadest categories (eg, minimal exposure, occupations with potential pesticide exposure) and progressing sequentially from major classes (eg, herbicides) to chemical groups (eg, phenoxy herbicides) and finally to individual components (eg, 2,4-D, 2-methyl-4-chlorophenoxyacetic acid, and 2,4,5-T). The listed pesticides were chosen for inclusion for the following reasons: (a) whether the compound was ever registered for use in Canada and reviewed by the International Agency 2,4-D, 2,4-dichlorophenoxyacetic acid; MCPA, 2-methyl-4-chlorophenoxyacetic acid. *Odds ratio (and 95% confidence interval ) stratified by age group and province of residence. †Odds ratio adjusted for statistically significant medical history variables (history of measles, rheumatoid arthritis, mononucleosis, whooping cough, and a positive family history of cancer in a first-degree relative) and with strata for the variables of age group and province of residence.
‡Phenoxyherbicides include the phenoxyacetic acids (eg, 2,4-D and MCPA), the phenoxy-2-propionic acids (eg, mecoprop), the phenoxybutanoic acids (eg, 2,4-DB), and other phenoxyalkanoic acids (eg, diclofopmethyl).
§Glyphosate is the only phosphonic acid herbicide reported by more than 1% of responders. for Research on Cancer; (b) whether the pesticide was recently banned or restricted in Canada by the federal licensing agency; or (c) whether the pesticide was commonly used in Canada for specific purposes. [29] [30] [31] [32] Merged data from the postal and telephone interview questionnaires were used for the statistical analysis by using SAS (SAS Institute, Cary, NC). 33 Results were reported as odds ratios (OR) and 95% confidence intervals (CI) derived from conditional logistic regression analyses. Conditional logistic regression models were utilized to conduct bivariable (to select variables for multivariable model) and multivariable analyses by adjusting for age group and province of residence (matching variables). Based on bivariable analysis, statistically significant variables with P < 0.20 were selected as candidates for multivariable models. All variables that were statistically significant (P < 0.05), as well as biologically important, were retained in the final multivariable model. Subgroup analyses of the associations between pesticides and STS were also performed for the three largest histological subtypes: fibromatous; myomatous; and lipomatous. DDT, dichlorodiphenyltrichloroethane. *Odds ratio (and 95% confidence interval ) stratified by age group and province of residence. †Odds ratio adjusted for statistically significant medical history variables (history of measles, rheumatoid arthritis, mononucleosis, whooping cough, and a positive family history of cancer in a first-degree relative), and with strata for the variables of age group and province of residence.
RESULTS

Data
‡Carbamate insecticides include carbaryl, carbofuran, and methomyl. §Organochlorine insecticides class one includes aldrin; chlordane; dieldrin; endrin; heptachlor; lindane; and a mixture of lindane, carbathiin, and thiram (Vitavex). Organochlorine(2) diphenylchloride insecticides include DDT and methoxychlor. ¶Organophosphorus insecticides include malathion, chlorpyrifos, diazinon, dimethoate, parathion, methidathion, and trichlorfon. Statistically significant results are in bold.
Comparisons between STS cases and control subjects based on selected demographic variables, education level, general pesticide exposure, cigarette smoking, antecedent medical history, and familial history of cancer in any first-degree relative are presented in Table 1 . Smoking patterns were similar in both cases and controls. No significant differences were observed between STS cases and controls with respect to their education level and response to ever lived on a farm variable (Table 1) Herbicides were classified by major chemical classes: phenoxy; phosphonic acid; thiocarbamates; phenols; dicamba; and dinitroaniline. The frequency of exposure to herbicides classified into major classes and individual compounds for which at least 1% respondents reported exposure along with ORs adjusted for statistically significant (P < 0.20) medical history variables observed are shown in Table 2 . No statistically significant differences of frequency of exposure to herbicides were observed between STS cases and control subjects.
Insecticide analyses for major chemical classes (carbamates, Organochlorine (1), organochlorine (2), and organophosphorous) and by individual compounds found that exposure to aldrin was significantly (OR [95% CI] = 3.71 [1.00-13.76]) (P < 0.05) associated with the incidence of STS ( (Table 4) . These OR estimates and their 95% CIs were adjusted for statistically significant (P < 0.20) medical history variables, as shown in Table 2 . *Odds ratio (and 95% confidence interval) stratified by age group and province of residence. †Odds ratios adjusted for statistically significant medical history variables ((history of measles, rheumatoid arthritis, mononucleosis, whooping cough, and a positive family history of cancer in a first-degree relative), and with strata for the variables of age group and province of residence.
‡Amide fungicides include captan and a mixture of carbathiin, thiram, and lindane (Vitavax). §Aldehyde fungicides include formaldehyde and a mixture of formaldehyde and iprodione (Rovral Flo). Mercury-containing fungicides include mercury dusts (Ceresan, Reytosan, and Agrox) and mercury liquids (Panogen, Leytosol, and PMAS). *Odds ratio (and 95% confidence interval) stratified by age group and province of residence. †Odds ratios adjusted for statistically significant medical history variables (history of measles, rheumatoid arthritis, mononucleosis, whooping cough, and a positive family history of cancer in a first-degree relative), and with strata for the variables of age group and province of residence.
Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. *Odds ratio (and 95% confidence interval) stratified by age group and province of residence. †Odds ratios adjusted for statistically significant medical history variables (history of measles, rheumatoid arthritis, mononucleosis, whooping cough, and a positive family history of cancer in a first-degree relative), and with strata for the variables of age group and province of residence.
‡Because of small numbers odds ratios were not reported. Statistically significant results are in bold.
The final parsimonious, multivariable logistic regression model ( [1.57-14 .07]); although there was no significant heterogeneity between subgroups for either aldrin (P = 0.554) or diazinon (P = 0.261) ( Table 7) .
DISCUSSION
This was the first Canadian population-based case-control study that collected detailed information on pesticides to investigate the association between pesticides exposures and four specified cancer sites (NHL, STS, HL, and MM).
In this report, we observed that there was an association be- Our findings are consistent with those of Zahm et al, 14 who reported that exposure to insecticides on animals was associated with increased risk of fibromatous and myomatous STS. They also reported that longer duration of usage of insecticides on animals significantly increased the risk of myomatous STS.
14 In our study, diazinon was associated with increased risk of fibromatous, and myomatous subtypes, as well as sarcomas "not otherwise specified."
Previous studies identified an association between phenoxy herbicides and STS 6, 7, [9] [10] [11] [12] ; however, we found no association between herbicides (individual compound or major chemical class) and STS. An increased risk for two STS subtypes (malignant fibrous histiocytoma and leiomyosarcoma) and exposure to chlorophenol and cutting oil have been reported. 7 Regarding factors other than pesticides, no association was observed between cigarette smoking and STS, which is consistent with some, 21 but not all, 22 previous studies. Association between various medical conditions and the incidence of STS has been controversial. Our results showed that previous diagnosis of whooping cough These results differ from those of Serraino et al, 34 who reported that previous diagnoses of herpes zoster infection (OR = 2.4), chicken pox (OR = 2.2), and mumps (OR = 2.0) were significantly associated with increased STS risk. 34 It was also reported that a history of diabetes and previous diagnoses of measles and whooping cough were associated with the increased risk of STS, but this association was not significant. 34 Results based on our study indicated that STS cases and controls were comparable regarding education, which was consistent with previous findings. 21, 34 Our study showed that higher level of education is associated (not significantly) with decreased risk of STS (Table 1) ; however, this may have been due to a response bias. In our multivariable model, the significant variables related to medical history were previous diagnosis of whooping cough Our study has strengths and limitations that are common to epidemiological case-control studies. Strengths include the large number of cases and controls. In addition, a pilot study was conducted to determine a suitable definition of pesticides exposure, and all study procedures were tested before implementation. A reference pathologist reviewed the 119 tumor slides and pathology reports that could be obtained and confirmed the diagnosis of 108 (91%) STS cases. Finally, the study included men who had any type of pesticide exposure and thus included both indoor, such as in animal confinement buildings, grain elevators, and manufacturing, and outdoor, such as in grain farming and commercial applications, exposures.
Some of the results of our study are consistent with previous findings of an association between exposure to insecticides and the development of STS, but our study did not support the previously published results, which showed an association between exposure to herbicides and STS. We observed association between exposure to aldrin and diazinon and increased risk of STS.
Some of the insecticides reported here have been restricted or banned because of concern over their environmental persistence and possible health effects in humans. 35 Dichlorodiphenyltrichloroethane and chlordane were widely used in Canada and the United States in the 1970s. Dichlorodiphenyltrichloroethane was banned 36 in the 1980s and chlordane use ceased 37 in 1995 by both countries. Registration of aldrin and dieldrin in Canada was discontinued in 1990. 38 Our study further demonstrates that there is a need for larger studies to evaluate the relationship between specific pesticides and STS subtypes.
